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METHOD OF PROVIDING POLYPEPTIDE PREPARATIONS WITH REDUCED 
ENZYMATIC SIDE ACTIVITIES 

5 

FIELD OF INVENTION 

The present invention relates generally to processes of obtaining preparations of 
polypeptides liaving a low content of undesired enzymatic activities (side activities). In 
10 particular, the invention provides a simple and convenient process whereby the level of such 
side activities can be reduced significantly or substantially completely inactivated in crude 
and more or less purified polypeptide preparations such as preparations of aspartic 
proteases including chymosin species and microbial aspartic proteases. 

15 TECHNICAL BACKGROUND AND PRIOR ART 

A large range of polypeptide products including enzymes and pharmaceutlcally active 
products are currently manufactured and made commercially available. Such products may 
be derived from a variety of sources. Thus, they can be derived from extracts of plant, animal 

20 or microbial cells naturally producing the products or they can be manufactured using 
appropriate recombinant microbial host organisms producing the desired product(s) either 
being accumulated intracellularly or excreted into the cultivation medium. In any case, the 
primary crude extract or medium resulting from the cultivation of the recombinant organisms 
normally contain, in addition to the desired product(s), a range of undesired enzymatic 

25 activities naturally produced by the source organisms or the recombinant host cells. In 

certain instances, an undesired enzymatic activity in a cultivation medium for a recombinant 
organism is derived from the fact that the desired product is produced as a fusion protein of 
the desired gene product and a fusion partner having, in relation to the final product, an 
undesired enzymatic side activity. 

30 

It is therefore a continuing concern for the industry how to provide polypeptide products that 
do not contain undesired enzymatic side activities or at least have a content of such activities 
at such a low level that they do not restrict the applicability of the polypeptide products for 
their intended purposes. 
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One illustmtjve example cjf such a problem is the that facing manufacturers of milk dotting 
enzymes, also referred to as rennets or coagulants. Milk clotting enzymes, which belong 
to the cfass of aspartic proteases- are widely used in the cheese manufacturing industry to 
provide a curd of the major milk proteins, the caseins. Commercially available milk dotting 
i S^^fej^es include native enzymes derived from microfaiakspedesor animal tissue sources 
r ^9^^ stomachs, or such enzymes can be provWed as gene products of recombi- 

: : mrit oeBs- expressing a heterologous milk dotting enzyme of animal or microbial origin. 

The industrially most important milk dotting enzymes of animal origin are chimnosin and 
to pepsin. When produced in the animal gastric mucosahcells, chymosin and pepsin occur 
S^^^^^S?^^ inactive pre-prochynx)sin and pre-pep^pget^ re^ectwely^W chy- 
- F^--^ N-temiinat pe^rtide fragment, thepre-fragment (signal peptide) is 

cleaved^ to give prochymosin laiduding a pro-fragment. Prochymosin is a substantially 
^r^^dra^^ of-the enzyme whicfe, ho\A«ver, becomes^activated under addic conditions to 
?'^^*j!fS^?"^*^.f*^ autocataiytic removal of the pro-frs^ment This activation occurs in 

e ^:^i^4a.Ae,ga^^ lumen under appropriate pH oonditiOQS.or in vitro under acidic condi- 

=^^^^^^^1^ m«k clotting enzymes of bovine origin havebeen marteted In theionn^ ex- 
^ 20'l^cfes-of«tornach tissues. However, bovine chymosialrincreasingii^being manufactured 
if ^^^^^ll^ridilyiu^ recombinant DN A technology, e.g. usinff;filaflnientoas fungi sucti as /te- 

' ^^f^^^z^P^^ ®-9- Ward, 1990), yeast strains, e.g. of K7j^uveromycesspedes. or 
5, e,g, £. CO//, as host oiganisms. 




^r^rei^zymes of microbial origin are currently in^comoiercial use In the dairy in- 
^^^vft^^efollowing, such enzymes are also referrecf to as microbiaf clotting enzymes. 
^'^crobtaLrennets or microbial coagulants. Examples <rf^uch enzymes indude aspartic 
'^^^^^^^Q^s^iiatively produced by the filamentous fungal^spedesefl/ttaomucorm/ete/and 


and protease naturally producecMjjiitheltmga^s^^ 
jBis^yrmes having milk dotting activity arealso^roduced^turaliy by^other fun- 


iinc^uding Rbizopus spedes, Physarum spec^m^-Peak^Umrn^ecke^ and 



^^^:^^faif,xnirrently applied processes for manufacturingof commerctal rennet products 
Indude steps of recovering the acrtive enzymes from crude extracts or microbial fermenta- 
iKMi media, followed by one or more purification steps. 


^^.^ f j.^^ J?^^P'®* 90/15866 discloses a method lot recovering and purifying 

: :<*P^ aqueous solution which indudes the additfon of polyemylene glycol and 

an inorganic salt so as to form a t!wo phase system whereby the chymosin is concentrated 
-p ^{^»f^^ph^ and cell debrisband other Impurities In^^the salt phase, followed by 
-recoveririgttie chymosin-rich phase and isolating the chymosin herefrom 
V la^^^ Such a muW-st^ process, however, is associated with several 

' Is labour Intensive and tiietuse^bfsedts arnireEQ^dc^to the 

- pro&ictipfv cos^ (H) the use of PBG requires strict measures to be taken to remove this 
^ ^^^^ the use of large amounts of salt represents a significant pollution 

pppblem. Furthermore, and importantly, the enzyme preparation obtained by eluting it from 
^^*f^^ogn^hlc column may have an undeslrab^A^ cxmt^ofeCTzyraafc s 
:^iGtMfie^requf^^^ a further s^iatfon step, e.g. chrofnato gi a p tty;^- remove these 
, .ttfidesired activities 



^^^t^p%.liave been made to develop a simpler procesaior recovery of milk dotting en- 
aqueous mediA. Thus, WO 95/29999 discloses the recovery of diymo- 
jgone-step chronoatogrejphy process avoid&^tbe useofeBEG and saJt 


^ch^cine-step processes frequentiy resulbin imsatisfactory yields of milk clot- 
^^ting ^rtzytm, in, particular when the conducti>aty of ^e crude preparation, such as a filtrate 
^^rmentalion medium^ ttiat is applied tG&:ttiegctoofnatog^f>hk^coIui^ Is high* 
Another very significant problem Associated with such processes is that also in such a 
:4pipcess^the eluate from the column may have undeslred^en^maHc skie activities and 
ftTO|ec<*ronfiatographystepis^requiredto rerro _ , 



iS; based Oil the surprising dtsexsiicify^tfaa^mcte^ ao- 
tide preparations can be reduced ors^mivw^tBd^by myefy simple process 
the preparation to tow pH for an appropriate period of time without any 
concurrent ir^activationt of tiie active polypeptide contained in the preparation. 
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"Rlis achievement has made it possible to develop an. efficient, cost-effective and less 
pdRjtfng method of recovering arid isolating acth/e polypeptides In a one-step chroma- 
tographic process from aqueous media in the form of preparations not containing unde- 
mred levels of enzymatic side activities 


a^CW(S*WpV OFTHE INVENTION 


^^xx>rdtngly, in one aspect, tfie ini/ention pertains to a method of providing a polypeptide 
10 pr^^aicdion having a reduced coriitent of undesired enzymatic side activities, the method 


(f) providing a medium having a piH of 2,0 or higher that comprises at least one desired 
^...::Pql3^3eptide and in addition hereto at least one undesiredenzymatic side activily, and 

j(fi) ,sirt>ii^ng sakl medium to a pH of less than 2,0 fo£a:^>enod of time that Is sufficient to 
l^iactivate the at least one enzymatio^e^^Ttimty^ 

||g^^^^m ^ sa s| ^rt.there is provkJ&d atnilk dotting con^K>^tion comprising arraspartic 
20 ji^ by the method! of tfie invention, said composition essentially not having 

Lffi^^rnaisc side activities. 




OSURE OF THE INVENTION 


ve of the present invention to proxride^ metiiod whereby a preparation 
|g|ii biologically active polypeptide having ari^ducedcontent of undesired enzy- 
^mgfcr^^l^cjl^es can be obtained whilst at the sam^^nrie substantially retaining the 


^t4^^^i)j©gk:^^^ polypeptide. 



^ ^rontext, the term "preparation conteinii^aib^gggk^i^^^ 
-fi^mny pr<^afation containing a desired polypeptide whlcfr fe^manufactured and sold 
,^^^^§^gsu^au^ purpose,: the term "poiypepttcie!^ncornpasse$;peptid^x>f two or 

le, ttie term ehoxnpasses tx\<Ae&jites^tmt^i^^ 
opeptides of ptrotefns. The temi 'blciog^if aSsve^^ to include 
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^ . ^any detectable activity that can be detected in in vitro sterns and in vivo in both 

prdcaiyotic and eukaryotic organiiBms including higher oiganisnns such as animate and 
plan^. Thus, the tenn refers to e.g. antimicrobial, pharmaceutical, immunological 
(antibodies or antigens) or enzymatic activity. AdditionaHy, as used herein the term 

>p5<J!pi3^^aralK>n** includes preparations^ in any fomn that is suitable for application or 

administration of the preparations, such as dry, semi-dry and liquid fonms including e.g. 
^ ^^f^4ssispe{lSb{ls,^^s^^ or emulsions. 

, It is^ as ft is mentioned above, a common obsen/ation that preparations containing one or 
1(r rmr& deefred polypeptides including raw materials and intennediate products used in the 


products c6ntaining the polypeptide has ^iCbntent of undesired en- 
z^^:^2^jf^^ also referred tq herein as side activities. In many instances, such side 

activities have a detrimental effect which is exerted upon application of the desired poly- 

example hereof* preparations otenzymes produced by extraction 
Z:):^5i;J^[ml the tissues of higher organisms or produced by^cultivation of microorganisms, f re- 
^vquentiy contain minor anwunts ofl undesired enzymatic^ctivity. E.g. when milk clotting 
if t ii^?^^^^^^ .^ animal and micrbbial origin are produced ustng.either: organisms 
5t /:f i]^turaU^j)roducing such an enzyhie or using recombinant h<^ microorganisms having an 
^13^ ^^faserte<^ expressing the milk dotting enzyme, tfae^prockicing s&ain^ produce a range 
I 20; i^^such ^de activities as descriiMd in the following- These ^e actwtties may restrict the 
""^^^^^^3g|3f|j^^ for the milk doteng enzyme and it^is^tfcierefoce common to set 
S^^^^^^^***"^^^ ^'^^ activities in such products: which should be met 

^ :^r3^g|feieitefni^*l^^ enzymatic skie activity" as used:herein refers to any enzymatic ac- 

pS^wft^tlietpresenfce of which in a ^lypepti'de preparation is undesired for any reason such 
^ ; effects occuning upon appljcatioctor administration of the polypep- 

^ ^^^^prepafatioQ. As examples of such effects can t>e menti(»ned degradation valuable 
:^j:^COTqx^ente in a food product and immunologically adverse effecls,uppn administration of 
active potype|j>tide. Undesired eruyiEatic acti^^Aties^erK^ompassed by 
^.j^ntion indude as examples proteasea0!^,^st9rcfo^de9 
^#g^^^^^^d^^|tc^ty, lipase activity, cejlulase activity, lactasecactMty^ hernicetlulase activity, 
^^te^^fe%^^ta?ofi*?Vlase^activ^ and phosptjiatase activity, 

"^^Zy^^^S^.^ meuiuf^cturing of commerctal polypeptide pre{»fationsthe enzymatic side activity 
'#?aE^sla^lai^ me* by subjecting the products or the?startihg materials herefor to ex- 



>tepisiv0 purification processes which, however, in addition to the costa involved frequently 
implies [oss of yield of the desired polypeptide. 


In accordance with the method of! the invention, the levet of undesired side activrties is re- 
5 duced or eliminated using a very isimple approach, i.e. fay subjecting a starting material, 
r^Werrpediate material or the firial product having a pHr2.0 or higher that comprises at 
- Jeast one desired polypeptide and in addition hereto at least one undesired enzymatic 
sWe^o^ty to a treatment whereithe pH is adfusted to less than 2.0 for a period of time 
^ 7^at is s&clent to at least partially inactivate the at least one enzymatic side activity. 

^^^l^^^l^a^^m can be carried out using any suitsabtet^xgank^^cr inorgani the 
use of v^ich is compatible with ttie desired polypeptide and the applications herefor. A 
roon-Rmrting range of such adds include lactic acid, acetkracid, citric add, HCI, H3PO4, 
^andH2Sb4* 

h^fH'^e^ed embodiments, this treatment at low pH results In tirmt at least 75% of the ac- 
"^^M^toas^^ desired polypieptide is retained after;subjectir^ tiiemedium having a 
It^^lib^ fTwre to a pH of less pmn 2.0. More prefeEabiyv at Jeast^% such as at least 


^as% aockmoslpreferabiy, at leasft 90%, e.g. at least?9S% of the activity of the desired 
t is retained. 

. ; ^PrefeaWy, the method of tiie invention is capable of -destroying or inactivating^ least 
^^G^^acfeoty of at least one undesired enzyniatic^activity presentia the po^ptide 
.7^ffj[ep&[&6on. In certain instances k lower degree of inactivatiOT may i>e fully acceptable if 

2S^^0ow^ degpe of inactivation results in titat the firtai^sroductnMets the standard spect- 

: , - ^ .j;^ . ^^.^ . .^r 

y zr^^jSoe&>0s^orihep^ side activity/activities. More^preferc^ty, at least 6Q% of the side 

^ J:^Kpv^^flnac^ivated fay ti^^nenit, such as at least :'7a9f^«0%, or at least 90% of the acli- 


1 enzymatic skJe acbMty. 



icec^ed tfiatany,sta^ or int0cmadiala.mate^ri€4tbal ia applied in 

mantiifacturing of a preparation containing a de^redipdypeptide as welt as the final 
can be subjected to the treatment atEimr^pU. T^ical such 



:1tmti^ treated in accordance with the invefrtu^irK^iKf%med»^^ 
. 4^0^ avmicroorganism thdit during its cuitivatiorkproduce&atleast one desired 

— Z^ ^^ lea^ one undteired enzymatic sider^acti^^^as defined herein. In ac- 



cordance with the invention such imedia to be treated inokide malta derived fram cultiva- 
tion of animal cells, plant cells anii microbial cells including cells of a bacterial species 
such as a gram negative bacteriaii species including E. coli and a gram positive species 
induding a Bacillus ^ecies, a yeast species and a species of filamentous fungi. 

«Aid> can be treated by the method of tti^vention include media derived 
from the cultivation of ceils of a yeast spedes selected from Saccharomyces cerevisiae, a 
: me^ytotHiphU^yeast species indbding Pichia pastofis:mci a Kfyuvefomyces spedes, and 
media from cuffivation of spedes iof filamentous fungi such as e.g, Aspergillus species, 
^Cr>p/}onac/r7a spedes, Fusam/mtspecies, f7/?/zomacor spedes acKi r//c/?ode/ma spedes. 
tO^^The uncfi^sired ens^matic actrvilies in such cutth/atiori mecBa areprknarily enzymatic side 
:; aq^^^ are produced naturAlJy by the produdiortesfrain forrthe deteired pdiypeptide, 
:'"!^'9^^^t ^ ^iecific emfaodimentis, the undesired side activity is derived from a fusion 
^^^^peutnw for ttier desire 



|jvith the invention, ftiie medium as deflned above is subjected to a pH in the 
rarige erf 1 ,0 to 1 .99 such as fitj^^ range of 1 ,5 to 1 .99 or in the range of 1 .7 to 1 .99. In 
nts, tiie treatment is at a pH of abouti A 


^PieiompH treatment according 16 the invention is nrtadeior a period of time that is re- 


?qtitr8c^oJ the side actn/fty/activities to a desired leveLand that does rKJt inacti- 

^/a^thet43iological aoth% of the desired polypeptide unacceptab^. Typically, however, 
-^i^^^!^^^^Sb<I .ti^tm^ period is wKthin the range of QJbminutes to 48 hours such as a 
rarige of,1 minute to 36 hours induding the range of 10 minutes to 24 hours. Those of sl<ilf 
^^le to jTMdBly dm^ for a particiJaiipo^eptij^ the ap- 

tDeatment period using standard methods focrassaytng^enz^matiaactivtties and 
73 %Wcto^cal activity of the desired pbiypeptide. 



; .4 la one particulariy Interesting embodiment, the preparation being treated is a preparation 
>^^^^^^««^ ^r^^^^ protease activity. As mentioned abe^ife^the^ctessrcy^f^^ 

' important milk dotting enzymes thatare^wktetyr^used^in d^eese manur. 
iingty, media whibh are treated in a(X»9^d^moe.v^ tiie inventiori indude 
i|rom the cuttivatiofi) of a microorganism that during ti^ cultivation produces 


^ -o^v^^aa a^^^ and at ieastlone undesired eni^nnatic side activity such as a medium 



rpm the ctitivatior^ of a microorgancsni^^hatna&BaiV produces the aspartic 
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vproli^ats^^r a medium that is derived from the cuitivatioa of a recorrd^inant microorganism 
ti^has^an ir^rted gene expressing the aspartic protease. 

Noivr^5ombinant and recombinant microorganisms that are useful in the production of 
5 ^^^f&t^foteases include bacterial species and yeast^pedes sue* as those mentioned 
above. 


Spectesiof filamentous fungi are iilso widely used for the production of milk dotting aspar- 
tic proteases ^d suitable filamemous fungi for that purpose include species of Aspergil- 
W : lus^ B.gM^e^^^^ oryzae, Asp&rgiffus nidulans or Asperginusniger mdludmg Aspergillus 
^"^^^"^^^wambn. AdcStionally, strains of a Fusariumsj^c^s^j^^gMEii^iftom 
l<3t ci a^bx>miKorspe(Aes such as Rhizomucor miehetar ^Tmhoderma spedes in- 
dudmg Trhhode/ma reseei and ^trains of Cryphonectriet species induding Cryphonectria 
parasitica can be used to prxxluc^ milk clotting enzymes. Accordingly, the metfiod of the 


i\i^entibn is used for inactivating side activitiesEifrnredJa^d^ivedf^^ of 
;su(^fui^al spedes. 


J Sf^^tepai^S^HT erfAodiments, the desired polypeptide irtthapreparation obtabied herein is a 

« . Wii^ aadBtfcif> tot*easpartic proteaseraclMty^ at ie£^ oneundeslred 

:i^U^L^fe*.^G^^ the invention,i:the desired polyp^de In the prepaeatton that is ob- 


Haf^ed^ian as^rtic protease derived from the group consisting of an animal aspartic 


^ ^.^xj. . V ^9 ® nuunmalian fespartic protease indu^g^pfQ^yrriosin, cJ^mosin, 
"^^fPSffiqgen arxi pepsin, a plant aspartk; prntease andraimicrobial aspartic protease. 
" Lferi aspartic protease dtan be derived f rorri^ai^marrimal sfiedes such as a 



:Rimbia^Bpecies irrduding a bovfaie species, an ovineg^^ddes^a^oaprine spedes, a deer 


g^^i^e^^f^abufleyo spedes, an anlek^ spedes and^g^i^sS^specA^r^Cam^klae spe- 
^Gam^i^ dromec^'usr^B. porcine spe&B^^an^£{pncb^ pri- 
wjto it is mention^ ^ove, a comnK>n^S£ys^.rniUc^ck>fito9.^ prepara- 
extracts of stomach tissues of rnarrmaispattKs^pf^^ dot- 



^xx)rdingfy, tfie method of theinvention is applicable to such 
lauding {reparations of aspartic proteases derived from a naturally pro- 
^^^rtt^p^^^^t^^^ by^the atiditbn or deietk>n o(.oae or nriore^mfunp adds or substi- 
^^^^g^ or nxsre amino adds herein. 


It is a further objective of the present invention to provide a milk clotting composition con- 
sisting of a preparation comprising an aspartic protease provided by the method of inven- 
tion and which essentially does not have undesired enzymatic side activities including 
such activities selected frwn glucoamylase activity, lactase activity, starch degrading en- 
.^^.^s^g^mea^ivity. protease activity, peptidase activity, phosphatase activity, lipase activity, 

hemiceHulase activity. Such compositions may, in addition to the ac- 
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nert contedn one or more additives as conventionally used In the manufactur- 

? P^P^*^.®"® °^ '"'''^ clotting en2ymes (i.e. coagulants orrennets> derived from ani- 
«tnai or niicrobial sources. 

1^^^^* further explained in the folioMd^;?fK9n-limai^^^ the 

dravMngs vtriiere: 


5 ci.^^^. fj iOusfrates the inactivation t^f glucoamylase activity in a femaertstfai medium for As- 
^ i&^f^^i^ruger>^T. awamo// expr^ng bovine chymoaiaat different pH values, and 


|5i^^^Sgw2^stu>ws the Inactivation of Sfgma glucoam^asealdifferent pH values. 



^SS^v^^on ^glucoantylii^ lii a recombinant ct^mit^i^pr^Mrafii 


icwi 



^3Ktcate<ferive<lfro*i1he cuttivaton of:abfe6c>rtibmart 
^^^i^M'^^ expressing a prochymosin-glucoair^iase4^ pratevi was used as 
^i^P^^^^^^ 1^^ fiftrate was ofatftined from an industriafcfeflprieirtactori process fay 
S >U i^^a^fifyi^ tfie cultivation medium kfter completion of th6:fermentation to inactivate the 


followed by sepaiafing the bfomass bjs^atratfon. 



^^-^ P'^ ^ contafried 3*i^^J(noi.crf gh^^ 

^gorifflcrtivfty of 1 9 mS (1 GAM unit is definec^i^^^B^m^^ hy- 
2^ - r "i^'y®^?*^"** by generating 1 glucose per min under the beknr standard conditions), 
Ji^^^^^?S?*9^ ^® fll^ was gas lntermtia*iatii% 

iS^^- ^'5??'' t<^.testing, the filtrats was diluted 5 times „wrth dlstBled water. As a control, a 
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cc^rnnerdal preparation of pure glucoamyiase (GAM> deoved f ronrt AspergiUus n^er 
(Sigma No. A3514) was includedras a solution containing 0.05 mg/mi distilled water. 


Each of the above test solutions were adjusted to 8 different pH values witiiin the range of 
2.7 (2,76, 2.36, 2.03^ t,80, 1.61, 1.48, 1 .Sttand .1 .15, respectively) and incu- 
Dated at room temperature for abiuut 20 hours. Following this Incubation, the GAM activity 
was measured using a solution of starch (e.g. Merck Art 1257) prepared by dissolving 1 g 
frf10G^O:i5 M acetate, pH 4.5®$ substrate. For the assay, SOO pi of substrate solution, 
preheated in a water bath at 40°C, was mixed with SOO fil of enzyme solution to be tested 
^ Wp^^ii^Drture incubated for 20 minutes at 40''a TTie reaction was stopped by the addi- 
'^r^mmf^^^SFf^'QiS M Tris. The am<bunt of glucose forrmd was-ctet^mined bymbang 200 jxl 
.vcf^^:h*of the reaction mixtures ^d 200 of a glucose^standard contafeiing 91 jig glu- 
oosa^ with 5.0 ml GOD-Perid reagent (Boehringer Mannheim 124028) reconstituted as 
.;^^:.,^j$o«m)inendecl by the manufacttjser. These mix&ires^ere irx;ut}ated 3^ room temperature 
^^SS^^^IQSf^yt^ifollowed by measuring Eeio using a spectrophotorn^r. 


j^^?^Si^f»sylte, which are summaris^in Rg. 1 (fiItrate^arKf=2^{Sfgri»€M*l), demor>strate 
^i^ii[r^is^]k3ss^^ to inactivate a siubstantial part of tte^a/^ aGlf>%Jrrttte crude 
- ^^ctq^mosln-contalning preparation fby subjecting the f»BparatiorvtapH lower than 2.0. 


'' "^litacawBac^ 'crf enzymatic side activfties in a fiitrate^^of fermenlation medium of a 



t^ymosin-produciing Aspergillus /lijge^varw awaoMri abraln 


^.^The Starting material for this experiment was a fresh, fermentate erf Aspergillus n/gfer var. 
^^mfmrno^^am^mrnod mth a plas^Ttid exprQS8tr>g a prochymostn^gkiCQStfnylasa.fuslon 
pro^.^fhe fermentate contained a milk clotting acH^ of IsrlslMCU/ml. pH 5,59, 

|to,l>^Jested in the expertment were prepa^cMts^fdfcwr^loiStKKrrt oMhe cnide 
S&%#^fennerite of 100% acetie acid (0.9%) was added and pH was adjusted to 2.5 by 

^^^p^^^cc^centrated sulphurib add (6 ml), A a) mfesampi^^tfa^fvttidr^fv^ pH 
^ 5^ ^i|^jrtheri^^ to 1 .8, 1.7 and 1 J;6, respectively, and a 50 ml san^sie collected at each 



^ ml of femientgite before pH ac8ustrrtK^was;usaL 
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fech erf the above samples werecentrifuged at 3.000 rpm for 10 minutes and subse- 
quently mtered using a prefilter fdtowed by fiKraiion through a 0.45 fim filter. The samples 
were left to stand at 4°C for about 21 hours and the pH of each sample adjusted to 6.5-6.0 
to atop iuTther reaction. 


^owi^ the add treahnent, the reflective samples were assayed for residual milk clot- 
■ ^-^^,4«^y.accprdlng to International JDF Standard 1S7A:1997 and for the following en- 

^(mafic'side activities: GAM, leudine aminopeptidase (LAP), amylase, cellulase, acid 
i;;;;-PlW^f>ft#as© and protease activity, re^ectiveiy. GAM, activity was assayed as in 
10: Beanfttjie 1. 

The LAP activity was assayed using Leu-p-naphtylamine, as a substrate, which, in the 
presence of LAP activity, releasefe p-naphtyiamine which is converted to a blue azo dye 
;^^^^^^s^lng.lt with NaNOz reading In the generBttofKof^aidiazcMBageriM^ in a 
15 "si*seqitentstep is reacted vwtfi rt-[1-naphtyq-ethylenedlamlne to obtain the blue azo dye. 
J^J^^^y' jil of sample and 125 pi of LAP substrate is reac^ for 1 hour at ST^C 


terminated by»fiapa<Mllion of 12^jfii^^ N HOfrl^^ is 
^^^pwfc^i^;sp^ *e LAP activi^^tetereiifie^ curve. 



lit Is defined as the amount of enzynM^icteeosfeg^ftnn^ of ^-naphtyla- 
i^^iStee ftdm Leu-p-naphtyJamide p*r hour at 37'C and pH^T.I . 


»;*Amytes^^ (l unit defined ap the amount of enzyme releasing 1 fimole of reducing 
^^pi^^tioi^^ ae nialtose-peifminute^under ttie behniftxmcmocs^wasassay^ using 

:^3tabre'^rch (Merck Art 1257) sis the substrate at a corK»r«ratii*f 'of'i% In 0^15 M so- 
>i2%^iltmacet^, pH 4.8. Equal voluines of substrate and:sanr^e were mixed and incubated 
^^P&a»NWnlf«itBs, respectively !Ht25"C followed by additton of artequal volume of a col- 
Si^t^f ^ 3-5-dinitrosaIicyl?c ackl is suspended Jn^ 20 ntf 2 M NaOH and 50 ml dis- 

I folkiwed by jh4 wfclitfon of 30.(kpl9te^arfrale|^jd»tfion to 100 ml) 
(fo(|5 minutes followed by cooling in an ice bath. The en^me activity was de- 
sphotometrically ws; a starxlard curve. ^ 

;?* 2ti;;^^"^^ aaiwty was assayed u^ng mk;rocrystallino cellufose (Avicel^FMC Coip.) as 
^^^^^^jBta^:^ GOD-Perkfteagent (Boehringer mntmsiia^^^ 91 
1 ' :.^:^afetf glueose standard. For the assay, 100 mg sufc«lrate; 2.0 mHms-M sotfiBn acetate 
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buffer, pH 5.0 and 40 jil 5% Na aEkJe was mixed and 0.5 ml of the sample added. The 
reaction mixture is incubated for 24 hours at 37'C followed by cerrlrifugation. 200 jil of the 
resuft'ng supernatant is mixed wllh 5-0 mi GOD-Perid reagents and the mixture kept at 
room temp^3ture for 40 minutesieuid the colour deveiopment measured spectropho- 
. ,5 -tometrtcsJty, 

Thesa^y f« phosphatase te based on enzymatic hydrolysfe of p^rtrophenyl phos- 
phate. In the reaction, p-nitropheiaol and inorganic phosphate are generated. When sub- 
jected to alkaline conditions, p-nlirophenol is converted to a yellow complex that can be 

10 measur^ at 400-^0 nm. For th^ assay, a mixture of 0,5 ml substrate solutidn and 0.5 m! 

V . ^^l^rt^J^rffer prepared and 0^ ml of sample is addedlpllowed^i^Mnfei^^ resul- 
ing^nrtis^re at57*C for 30 minutes. The reaction is stepped by the add'itk>n of NaOH and 
the absorbance at 420 nm detentiined after 10 minutes, 

tS-General^pfotease activity was measured using azo casein as the substrate. One unit of 
:Sfiicrf^a$iSiaotiv% is defined as the amount of enz^etttat pra>Ades a •^£i2s of 1.00 per 
a:^^; ;9erimteai 30'^:under defined comdhiocis. For the assay^equaf A^oiumes of gel filtered 

and 5% azo ca*em at pH 6.7 is incubated in:aa)**C vwater bath for 
- '^^(act^ 30 minutes after which th^ reaction is stoppecfcfay.addic^ iS a^3% TGA while 
^.^^f^^^^^^ re^ tube is cooled in tee bath and cectr&ged ui^^ciear^pematant is 
- ml of the supematfetnt is^mixed with 2^irt 4^NaOf*«fidthe«^icton 

?ifw«suc©d specfrophotometrially kt 425 nm. 


ilh^^ntents of milk ctotting actixSty in the samples otfermentate subjected to low pH for 
^^I^^d^ickit2:f^ hours are summarised h the below table 2.1 : 


Tatrfe^J . MHkdottinQ activytv in samples of chvnKDsinHJroduclng AsoBraiUus niaer var. 
awamofii^mextltate after 21 houfs of low pH treatment 



I tc^ > Sample 


:^Re6idu£d milk ciot- 



IMCU/ml^ 

. ting activity, % 


iFytrate^femfientate, pH 5.6 

158 

. 100 


ifittrate treated at pH 1 .8 

136 

86.1 


I^B^^I^tBcbatpH 1.7 

138 

87.3 


lfiHi»te--^eate(i,at pH 1 .6 

137 

86.7 


Patent «pplfcattoryt>29US1/CMVUs«39-02-0 1 1 
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^P^^^ fro"^ the above table, more than 85% of the milk dottmg activity of chymosin 
was i^'ned even at pH 1 .6. 

In the foiiowing tables, the results for residual enzymatic side activities are summarised: 


^^SiiRZZ.QAM actfvtt v in samolesLpf chymosin-orodudnQ AsixnMjs^ervar. awamori 
femnentate after 21 hours of low m freatment 



' Sample 

GAM activity, U/ml 

Residual GAM ac- 
tivity, % 

Hteate of fermentate, pH 6.6 


30,619 

100 



-4,020 - 

13.1 

Rltrate ^eated at pH 1.7 


234 

0.8 

Hteate tr^ed at pH 1,6 


0 

0 


PecrUdase actMtv in sd 

irtiples of chvrnoslivi»oduc6iCFi4soeiiixEMus nfe»»-var. 

^ awaiJtor/fe^ after 21 houte of low oH troatmant 

" ".it- - » * ' 

:^ Sample . ^ ^ 

Peptidas&activity, 
U/ml 

'-^Residuai peptidase 
activity, % 

t.^tt^atacot^fenT)entate, pH 5.6 

209 

100 



0.3 

0.1 

■ ■■■■ ''-HSf-C^-^ 


■ 0 


^^Ifrs^tieatecbat pH 1 .6 

0 

0 

Tflblg2i4t Amvlage activity^^in sar^pte_sj3LchvmosinH3rodudnQ /teoe^ 
^«llwmoiffennehtate after 21 ^Kjuife^ low oHtreatmB - ■■ 


'^iSfiRBte^of fer^ pH 5,6 


Sample 


fpn^Etep»ted:at pH 1 .8 



pHt;7 


IRtoafto treated at pH 1 .6 


Amylase activity, 
U/ml 


34 


0-11 


0.02 


-Reddual amylase 
activity, % 


too 


0.05 


0.01 
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Table 2.5. Celtuiase activitv in sahiol e s of chymosin-oroducinQ AsoemiJIus niaer var. 
awamorife rmentate after 21 houte of low dH tr^tiy^ 



Sample 

Peptidase activity, 
U/mi 

Residual peptidase 
actlvfty, % 



-170 

: 100 


Rttrate treated at pH 1 .8 

17.6 

10.3 

■r. 

L^MsF^^ilec^ pK 1 .7 I 

15.0 

8.8 


FRtrate liBated at pH 1 .6 

28.7 

16.9 


^^a^ 2S; Phosphatase activitv irfi samoles of chvmosin-Dradunfnn A<snammif^ ninaryf^r 


^^Skmi^imrt^^B after 21 hou^s of low dH treatment ^ 




Phoqstiatase aotiv-.' 
Ity, U/ml 

..Residual phospha- 
tase activity, % 


^^^teetfe of fefmentate, pH 5.6 

706 

100 

. ■ '-v^s' ' 

SfiteaMlSBt^d^pH 1.8 

397 

56.2 


Rttmte ti-eated at pH 1 .7 

401 

56.8 


PPil|^^S«&tipH1.6 : 

372 

52.7 


^iabte^i^ |>re4ase aiCtiVftv In SaimreS of OhxmiOSirMMOdHlsirio A<»vannrffl/« n^ior var 


awigffiQBrfeiTnCTtate after 21 houfe of low dH treafrnent 



— J- ... Sample 

Protease activity, . 
U/ml 

;;Rd»duat protease 
acth%. % 


Fittrate of fwmentate, pH 5.6 

2 

100 


^^^^^^^(^It pH 1.8 - 

1 

50 


^f^Rrate^*Mfecr«t pH 1 .7 : 

0 



fF^^^^gnlBlecfeatpH 1.6 

1 

50 


13 S*^?^!^?^^'^ with tlieexoepfeori of add phosphatase 

jf ^T»«^«^w%^rthe8tde activities faeinp ass^ed were redtwed by^50% or more by subjecting 

' ^^' t^ hours of treatment at pHvaltJ©ftbelow 2U).ittthrsarhe time, nrrore 

'•'■^-y-M^^^^^^^^^^^^^ clotting acti>^of (i^ymosin vy^i&retainedduE|n^^^ 
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EXAMPLE 3 

bfadivation of •nzymatic side ^^dties in final re»ly^to-use rennet products by low 
pk treatment 

In tfife eocperiment, samples of th^ following comnr^erdal microbial and animal rennet 
products were subjected to pH 1 ,7 for 2.5 hours and Ae G AM activity and the overall 
slarch c^radl6g activity was measured before and after that treafrnent 


10 The tested products were: Hanni^™195, a microbial coagulant pnxiuced by 
y^^^^^^^n^iheh Hanniiase^iktOO, also a microWafcrennetproducecfby fW^^ 
if^ei^^Hi'UifiXP^, a bovine diymosin produced by AspeigHlus nigeryar. awamori, 
iykxKteise^ 195, a oxidised, therrtidabile coagulant derived from Rhlmmucor miehei and 

coagujOTt produced by Ciyf^tonecMBprn^^csu 


15, . 


The.afaove products were tesfea ioc GAM activity using^the assay described in Example 1 
.>aii€tTOr4^sfiB^t^ degrading acttvity iising an agardtBt^iorrtest^Therfesyttsc^rUiis as- 
,^^aa(y«^Jnc8catB^ as + ^ (+), where (+) incficates tracaactiwty onty observed 

aA^l^d&xfed^incubatiorL 


#)^eiriitim)t^^ in the^ibfcm^tabies:- 



^a^a ^GAM activitv in samotes of commerdal rennet products before and after low dH 


Rennet product 


GAM activity. U/ml 
befor^iow pH 
treaAmertt.. 


GAM^activrty, U/mi 
after lowtpH treat-^ 


Besickiai QAM ac- 
tivily, % 


292 


1,4 


0.7 



1^4 


2.1. 


14 


1.7 


1^.1 


^7 


1.4 


0.4 


46 


45.5 


PatefA appficafion/029US1/CMi/LJs«)9-02-01i 


>XaMe a2- General starch deqracinQ activitv in samoie& oi commefdat rennet products 
before and after low pH treatment 


f^r«et product 

Amylasfe acti\% 
faefore^low pH 
treatnent 

Amylase activity af - 
ter low pH ^eatment 

Residual amylase 
activity, % 

Hamtfase™195 

-H-f 

w 

0 

HannUase™2l00 


w 

0 


noi detectable 

not detectable 

0 

MocSlase™ 

-M-4- 

{+) 

0 



w 

0 


5 It can be included from the above results that subjecting commercial rennet products of 
niicrobi^ and animal origin to a ti^atment at pH lese than 2.0 can reduce the level of GAM 
acth% Gignfficantiy and in any cafee by nrore than 50%rand the treatment Inactivates the 

- ^tel^^^itdegradlng acfivfty to Itevels which are closeto being undetectabte by the used 


